We investigated the expression pattern of the endothelin 3 gene, of which the mutation, as well as mutation of its receptor (endothelin-B receptor), affects the development of two neural crest derivatives: enteric nervous system and melanocytes. After previous work showing that these neural crest derived cells express endothelin-B receptor or its subtype endothelin-B2 receptor in the avian embryo, we have demonstrated that endothelin 3 is expressed by the environment of enteric nervous system and melanocyte precursors. © 1998 Elsevier Science Ireland Ltd. All rights reserved Keywords: Endothelin 3; Avian; Embryo; Expression pattern; Enteric nervous system; Melanocytes Vertebrate neural crest (NC) development is tightly controlled by the environmental cues encountered by NC cells during their migration and at their target sites. Some of the factors able to influence NC cell fate have been identified (reviewed in Le Douarin et al., 1994; Anderson, 1997) . Both the knock-out of endothelin (EDN) genes or their receptors (EDNRs), and analysis of spontaneous mouse mutants, clearly indicate that these molecules are involved in NC development. In particular, EDN3 and its receptor EDNRB interact in the development of melanocytes and enteric nervous system, which were severely affected in these mutants Hosoda et al., 1994) . It was therefore of interest to analyse the spatiotemporal patterns of expression of the genes encoding both EDNRB and EDN3, in order to assess whether these molecules act directly or indirectly on NC cell development. We previously had analysed the spatiotemporal expression pattern of EDNRB in the avian embryo (Nataf et al., 1996) , a model in which NC development has been particularly well documented. EDNRB is expressed in the peripheral nervous system, including its enteric component, but is not expressed by melanocytes and migrating melanoblasts. However, a novel subtype of EDNRB (designated EDNRB2), found to be specific to the melanocytic lineage and to also bind EDN3, was recently cloned by Lecoin et al. (1998) in the quail. In the present work we have investigated where and when EDN3 is expressed in the chick embryo by using a radioactively labelled EDN3 riboprobe. In situ hybridisation experiments on sections of chick embryos from the 12-somite stage (ss) up to 10 days of incubation (E10) were performed.
Vertebrate neural crest (NC) development is tightly controlled by the environmental cues encountered by NC cells during their migration and at their target sites. Some of the factors able to influence NC cell fate have been identified (reviewed in Le Douarin et al., 1994; Anderson, 1997) . Both the knock-out of endothelin (EDN) genes or their receptors (EDNRs), and analysis of spontaneous mouse mutants, clearly indicate that these molecules are involved in NC development. In particular, EDN3 and its receptor EDNRB interact in the development of melanocytes and enteric nervous system, which were severely affected in these mutants Hosoda et al., 1994) . It was therefore of interest to analyse the spatiotemporal patterns of expression of the genes encoding both EDNRB and EDN3, in order to assess whether these molecules act directly or indirectly on NC cell development. We previously had analysed the spatiotemporal expression pattern of EDNRB in the avian embryo (Nataf et al., 1996) , a model in which NC development has been particularly well documented. EDNRB is expressed in the peripheral nervous system, including its enteric component, but is not expressed by melanocytes and migrating melanoblasts. However, a novel subtype of EDNRB (designated EDNRB2), found to be specific to the melanocytic lineage and to also bind EDN3, was recently cloned by Lecoin et al. (1998) in the quail. In the present work we have investigated where and when EDN3 is expressed in the chick embryo by using a radioactively labelled EDN3 riboprobe. In situ hybridisation experiments on sections of chick embryos from the 12-somite stage (ss) up to 10 days of incubation (E10) were performed.
At all the stages studied, we found that neither NC cells nor NC derivatives express EDN3 except for the NCderived mesectoderm of the head and hypobranchial region (Couly et al., 1993) . In contrast, the EDN3 message was detected in the mesenchymal environment where NC cells migrate. The earliest stage at which a signal was clearly detected was 17ss. Fig. 1A -D shows EDN3 transcripts in the splanchnopleure at the level of the pharynx and even more posteriorly in the trunk. In contrast, the endoderm was negative. The splanchnopleure later yields the intestinal mesenchyme in which enteric neural precursors, expressing EDNRB (Nataf et al., 1996) , migrate in a rostrocaudal colonisation (Le Douarin and Teillet, 1973) . Thus EDN3 is expressed very early in the (future) environment of the precursors of the enteric nervous system. EDN3 transcripts are not detected elsewhere in the embryo at this stage. At 17 and 21 ss, we did not find expression of EDN3 in the environment of NC cells migrating dorsoventrally. These had, however, been found (Nataf et al., 1996) to express EDNRB at these stages. It is important to note that the derivatives of the NC which migrate in the dorsoventral pathway and yield the dorsal root and sympathetic ganglia are not affected in either lethal spotted nor in piebald lethal mice, spontaneous mutants of EDN3 and EDNRB respectively Hosoda et al., 1994) . From E3 onward, the ectoderm expresses EDN3 (Fig. 1E,F) . At E3 and E4, melanoblasts are still in the subectodermal mesenchyme (Teillet, 1971) . It is clear that neural crest cells are directly under the influence of EDN3 when they are in the epidermis, where EDN3 expression is maintained at least to E10 (Fig. 1G,H) , the last time-point investigated. It is interesting to note that melanoblasts proliferate abundantly before differentiating within the feather germs, where they start to produce melanin at E9 (Teillet, 1971) .
At E3 and E4, EDN3 is also expressed in the branchial arches (Fig. 1I,J) . At these stages, the branchial arches are filled with rhombencephalic NC cells from which mesectodermal derivatives will later derive. This expression of EDN3 in the rhombencephalic NC is transient, since NCderived mesectodermal tissues such as cephalic dermis, Meckel and hyoid cartilages are negative (not shown). This domain of expression was unexpected because EDNRB is not expressed in the branchial arches of the avian embryo (Nataf et al., 1996) . Moreover, on the basis of studies carried out in the mouse (Kurihara et al., 1994; Clouthier et al., 1998; Yanagisawa et al., 1998) , it has been shown that EDN1/EDNRA act in the development of the NC mesectodermal derivatives.
At E4 and E6, EDN3 transcripts are present along the whole digestive tract ( Fig. 2A-D) where the signal is found only in the mesenchymal compartment. At E6, EDN3 expression is found throughout the mesenchyme of the gizzard wall, but only in its periphery, where myenteric ganglia are located (not shown). Expression of EDN3 was also observed in the developing myotome at E4 and E6 (Fig.  2E,F) . The antero-proximal part of the limb is strongly positive in both the ectoderm and the mesenchyme (Fig. 2G,H) . Gonads are positive, while kidneys, heart and liver are negative at all the stages studied (not shown).
In conclusion, in birds, EDN3 is expressed in the environment of two NC-derived populations expressing either EDNRB or its subtype EDNRB2: the enteric nervous system and the melanocytic lineages. These data are in agreement with the phenotypes of the mice carrying null mutations of both EDNRB and EDN3 Hosoda et al., 1994) .
Antisense and sense RNA probes were prepared from the chicken EDN3 full-length cDNA (unpublished sequence, 2.3 kb) by in vitro transcription using T3 and T7 RNA polymerase. In situ hybridisation is described in more detail in Eichmann et al. (1993) .
